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(54) PLASMA APPARATUS 

(57)Abstract: 

PURPOSE: To uniformly process plasma with a simplified 
construction by stabilizing a large area substrate such 
as a liquid display glass substrate. 
CONSTITUTION: A plasma apparatus includes one 
microwave oscillator 26, a plurality of dielectric layers 
21a, 21b, a microwave waveguide 23 for branching and 
transmitting microwaves from the microwave oscillator 
26 to the dielectric layers 21a, 21b, and a reaction 
container having a microwave introduction window 4. 
The dielectric layers 21a, 21b are parallely disposed, and 
the reaction container is disposed such that the 
microwave introduction window 4 faces the parallely 
disposed dielectric layers 21a, 21b. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

prlcisety CUment ^ ^ by com P uter - So the translation may not reflect the original 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS " . 

[Claim(s)] ~~ ' 

[Claim 1] Plasma equipment characterized by having microwave waveguide which makes 
microwave branch and spread to said two or more dielectric layers, and a reaction container 
which has a microwave installation aperture from one microwave oscillator, two or more 
d.electr.c layers, and said microwave oscillator, for said two or more dielectric layers standing in 
a row, and arranging them, and arranging a reaction container so that a microwave installation 

counter the dielectric layer by which the parallel arrangement was carried out 
(.Claim 2J Plasma equipment according to claim 1 characterized by dividing said microwave 
installation aperture according to said two or more dielectric layers. 

[Translation done.] " " 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the plasma equipment suitable for processing 
etching, ashing, CVD, etc. to a semiconductor device substrate, the glass substrate for liquid 
crystal displays, etc. using the plasma. 
[0002] 

[Description of the Prior Art] The plasma generated when energy is given to reactant gas from 
the exterior is widely used in LSI and a LCD manufacture process. The dry etching technology, 
especially using the plasma is the indispensable basic technology for LSI and a LCD manufacture 
process. 

[0003] as an excitation means for generating the plasma, although many 13.56MHz RF (RF) is 
used, the plasma of high density is acquired at low temperature, and a configuration and 
actuation of equipment are easy — etc. — since there is an advantage, microwave is also used. 
However, it was difficult to process the semiconductor substrate of the diameter of 
macrostomia, and the glass substrate for LCD to homogeneity with the plasma equipment using 
the conventional microwave, since it is difficult for a large area to generate the uniform plasma. 
[0004] These people have proposed the method which uses a dielectric layer for a large area in 
JP,62-5600,A and JP,62-99481,A as plasma equipment with possible making homogeneity 
generate the microwave plasma about this point. 

[0005] Drawing 9 , drawing 10 , and drawing 1 1 are the typical plans, partial drawings of 
longitudinal section, and sectional side elevations of the plasma equipment using this dielectric 
layer. 

[0006] In this equipment, microwave is introduced into a dielectric layer 21 from a microwave 
oscillator 26 through the microwave waveguide 23 which consisted of waveguides. Electric field 
are formed in the downward space 20 of the microwave which spreads this dielectric layer 21, 
and this electric field penetrate the microwave installation aperture 4, it is supplied in a reaction 
chamber 2, and the plasma is generated. Plasma treatment is performed to the surface of 
Sample S by this plasma. 

[0007] A dielectric layer consists of induction 21 1, the taper section 212, and the plate section 
213. The microwave installation to a dielectric layer 21 from the microwave waveguide 23 is 
introduced into a dielectric layer from a waveguide in induction 211, is extended crosswise in the 
taper section 212, and is performed by introducing into the plate section 213. Homogeneity can 
be made to spread microwave crosswise by carrying out like this in the plate section 213 which 
counters the microwave installation aperture 4. 

[0008] If the microwave inlet 3 which is carrying out the opening to the upper part of a reaction 
chamber 2, the microwave installation aperture 4 which closes it, and a dielectric layer 21 are 
enlarged, the microwave plasma of a large area can be made to generate easily, since the plasma 
equipment using this dielectric layer generates the plasma under a dielectric layer along the 
travelling direction of microwave. 
[0009] 

[Problem(s) to be Solved by the Invention] The magnitude of the glass substrate for liquid 
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crystal becomes large, and the demand of the equipment which can process the glass substrate 
beyond 400mmx400mm to homogeneity is increasing in recent years. With the plasma equipment 
using this dielectric layer, if a microwave inlet, a microwave installation aperture, and a dielectric 
layer are enlarged as mentioned above, the large area plasma is generable. 
[0010] However, in order to introduce so that microwave may become homogeneity crosswise 
[ of a dielectric layer ] if area of this dielectric layer is enlarged, a cure, such as making looser 
the cone angle which extends the dielectric layer of the taper section of a dielectric layer 
crosswise, is needed. For this reason, there was a problem that this taper section became large. 
[001 1] Moreover, when the area of a dielectric layer became large, the uneven heating of the 
dielectric layer accompanying the ununiformity of propagation of microwave was emphasized, the 
temperature distribution within a field of a dielectric layer became uneven, deformation of a 
dielectric layer was produced, and there was a problem that this had a bad influence on the 
repeatability of processing speed etc. at plasma treatment. 

[0012] Furthermore, since generation of the plasma is performed where the inside of a reaction 
container is decompressed, the pressure resistance by the differential pressure in reaction 
container inside and outside is required of a microwave installation aperture. Therefore, if the 
size of a microwave installation aperture becomes large, it is necessary to raise the pressure 
resistance to the differential pressure in reaction container inside and outside, and to make a 
microwave installation aperture thicker. 

[0013] However, when the microwave installation aperture was thickened, at the time of plasma 
production, the temperature gradient of the field by the side of the reaction chamber of a 
microwave installation aperture and the field of the opposite side became large by plasma 
heating, and there was a problem that a possibility that a microwave installation aperture may be 
damaged by the heat strain arose. 

[0014] It aims at this invention being made in view of such a technical problem, offering the 
plasma equipment which is stabilized and can moreover carry out plasma treatment of the 
substrate of large areas, such as a glass substrate for liquid crystal displays, to homogeneity 
with an easy configuration, and offering plasma equipment with few possibilities that a microwave 
installation aperture may be further damaged by heat strain. 
[0015] 

[Means for Solving the Problem] As this invention is shown in drawing 1 , drawing 2 , and dr awing 
3 , one microwave oscillator 26, The microwave waveguide 23 which makes microwave branch 
and spread from a microwave oscillator 26 to two or more dielectric layers 21a and 21b and two 
or more dielectric layers 21a and 21b, It has the reaction container 1 which has the microwave 
installation aperture 4. Two or more dielectric layer 21a, As 21b stands in a row and is arranged, 
plasma equipment with which the reaction container 1 is arranged is made into a summary so 
that the microwave installation aperture 4 may counter the dielectric layers 21a and 21b by 
which the parallel arrangement was carried out, and this invention is shown in drawing 5 , drawin g 
6 , and drawing 7 Let plasma equipment with which a microwave installation aperture is 
furthermore divided into two or more microwave installation apertures 4a and 4b according to 
two or more dielectric layers 21a and 21b be a summary. 
[0016] 

[Function] The plasma equipment of this invention divided into plurality the dielectric layer which 
counters a microwave installation aperture, and branched microwave waveguide from one 
microwave oscillator, and is connected to each of two or more of these dielectric layers. 
Installation of microwave uniform to the cross direction of a dielectric layer can be performed 
easily, without enlarging the taper section by carrying out like this. 

[0017] And since propagation of the microwave of a dielectric layer is made to homogeneity, 
aggravation can be prevented in deformation of a dielectric layer, the repeatability of plasma 
treatment, etc. by the uneven heating of the dielectric layer accompanying the ununiformity of 
propagation of microwave. 

[0018] With the plasma equipment of this invention, area of each microwave installation aperture 
can be made small by dividing a microwave installation aperture according to two or more 
dielectric layers. Since it becomes unnecessary to thicken each microwave installation aperture 
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[001 9]^"* ' ike th ' S ' ° f fa, ' Ure by heat Strain can also be decreased. 
drawhg 63 0,16 eXamP ' e ° f P ' aSma equipment of this 'mention is explained based on a 
[0020] Drawing 1 is the typical plan of the plasma equipment of one example of this invention 
and explains ; the installation to the dielectric layer of microwave. The microwave ^waveguide 23 
consisted of a waveguide and has branched to two on the way. The microwa^ S ^not 
shown) ,s formed I in the middle of the microwave waveguide 23. and microwave Te^y d vide d 
LnH WaVegU ' deS and ,s su PP |ied to them. A microwave oscillator 26 and dielec^Xers 21 a 

layers 2iran C d°2i e h Ct ^ 2? miCr ° WaVe WaVegUide ^ The Upper surfa ~ <* diSc 
(ZIZZa \ a COVered two with ^ metal plate 22. Fluororesins, such as Teflon 
(registered trademark), are used for dielectric layers 21a and 21b A metal elate 22 is L*Z f™ m 
aluminum etc. this microwave waveguide 23 - on the way - being a"ke ~ the Si^J Ld 
a ?i tek ' n « ad J ustmen t (matching) of microwave, respectively ~ moreover TeTscStors 25 a 

In* an lit ^ ^ TT th * reflected wave of ™™ave are formed By forming a tuner 
and an isobtor m each, a dielectric layer becomes independent respectively adjustment 

FwSlT 18 P0SS ' b,e inflUenCe by eaGh reflected wave be removed 

miHH J m * CrOWaVe ,s os ^lated with a microwave oscillator 26. it branches to two in the 

middle of the microwave waveguide 23. and dielectric layers 21a and 21b are introduced 
respectively. And in each dielectric layer 21a and 21b. in Induction 21 1a and 21 1b it is 

8 d ' e,eCtr !f ' ayer fr ° m 3 WaVeguide ' and in the *«PT sections 212a and 212b it 
homoSn e d t Cr ° SSW H 6 ; and ,S '] tr ° duced int ° the P |a te sections 213a and 213b. In this way 
homogeneity ,s made to spread microwave in the plate sections 213a and 213b which counter 
n h ^ Cr ° WaVe mlet 3 and the microw ave installation aperture 4 

L0022J Drawing 2 is the typical fragmentary sectional view of the plasma equipment of this 
d^ric a a n yer ,amS > ^ and a ™<*™ ^er, and a 

[0023] One in drawing is the reaction container of a hollow rectangular paralleleDiDed The 

2 6 i a s ^ n h C .Tr r JJ S f ° rmed USing meta,S ' SUGh aS aluminum (aluminuml ThT'eaSoI chamber 
2 is established ,n the interior of the reaction container 1. The opening of the microwaveTnteTs 
has been earned out to the upper part of the reaction container 1 . and the do^reTf this 

r7a C Zn Va m * ' 1 1*1? t0 airti " ht by pinching 0 ™ g 9 b ^een Te up wa Is of the 
reaction container 1 by the microwave installation aperture 4. In addition the microwave 
installation aperture 4 has thermal resistance and microwave permeability and" -formed with 
dielectncs. such as quartz glass (Si02) with small dielectric loss, and an 'aiumfna SZlTlOS). 

^ -«**■ ho, : h 5 and i the r haust (not ^J^^-aK a : r ected to 

established. Moreover, the solvent flowing path 8 is formed in the perimeter wall of the reaction 

t e °rr; ' r rimSt u r Wa " ° f the reaCti ° n COntainer 1 is he, d to a prTdettmined 

b y c,rculat 'ng the solvent of a predetermined temperature. 

InH Hllf ^ f rea o? i<>n 1 ' * COunters wi * the microwave installation aperture 4 

[0026 Dr^inl ay i r Ar a t and V* ^ ^ ammBBd ^ S ° that «• -ay be covered 
L0026] Drawing 3 . s the typical sectional side elevation of the plasma equipment of this examole 

szress: — z sees ~ 4 and the para,ie ' — 

microwave inlet 3 is 5O0mmx500mm. The microwave installation apertur 4 is quarS Wd 
whose thickness is 20mm in 600mmx600mm. The plate section of dielectric layers 2 7a and 21b is 
the Teflon whose thickness is 20mm in 600mmx300mm. * " d 21t> ' S 

Smo.;I he CaS ! k wh T e P'asma treatment is performed to the surface of the sample S laid on the 
sample base ,n the plasma equipment of this invention is explained. The solvent of a 

http://www4.ipdljpo.go.jp/cgi-bin/tran_web.cgi.eije 2004/02/27 



predetermined temperature is first circulated in the solvent path 8. Reactant gas is supplied from 
the gas installation hole 5 prepared in the perimeter wall, and let the inside of a reaction 
chamber 2 be a predetermined pressure, after performing exhaust air from an exhaust port 6 and 
exhausting the inside of a reaction chamber 2 to a necessary pressure. 

[0029] Microwave is oscillated in a microwave oscillator 26, two waveguides are branched in the 
middle of the microwave waveguide 23, and it introduces into dielectric layers 21a and 21b, 
respectively. Electric field are formed in the space 20 of the lower part of dielectric layers 21a 
and 21b, and this electric field penetrate the microwave installation aperture 4, it is supplied in a 
reaction chamber 2, and the plasma is generated. Plasma treatment is performed to the surface 
of Sample S by this plasma. 

[0030] In order to evaluate the homogeneity of the plasma in the plasma equipment of this 
example, ion current distribution was measured. It measured centering on the center position of 
a sample base about the travelling direction Z of microwave, and the direction perpendicular to it 
of Y. In addition, a measuring point is 100mm in location from a microwave installation aperture. 
Plasma generating was performed by pressure 10mTorr and microwave power 3kW using Ar gas. 
[0031] Drawing 4 is a graph which shows the measurement result of ion current distribution. The 
plasma can be mostly generated in homogeneity like [ it is ****** anc | ] f rom drawing 4 . 
[0032] Another example of the plasma equipment of this invention is (explained based on a 
drawing. Drawing 5 , drawing 6 , and drawing 7 are the typical plans, partial drawings of 
longitudinal section, and sectional side elevations of plasma equipment of this invention. [ of 
another example ] 

[0033] The point of having divided the microwave installation aperture into two, 4a and 4b, differs 
from the point of having lost interference of the microwave which spreads dielectric layers 4a 
and 4b with the metal wall 30 again, by this example's forming a beam 31 compared with a 
previous example, and dividing a microwave inlet into two, 3a and 3b. After microwave is 
oscillated with a microwave oscillator 26, it branches to two waveguides in the middle of the 
microwave waveguide 23, and is introduced into dielectric layers 21a and 21b, respectively, the 
microwave installation apertures 4a and 4b are penetrated, it is supplied in a reaction chamber 2, 
and the plasma is generated. 

[0034] As for the equipment of this example, plasma generating area shall be set to 
500mmx500mm. The size of the principal part is as follows. The microwave inlet 3 is 
500mmx210mm. The microwave installation aperture 4 is a quartz board whose thickness is 
20mm in 620mmx290mm. The width of face of a beam 31 is 80mm. The plate section of dielectric 
layers 21a and 21b is the Teflon whose thickness is 20mm in 620mmx290mm. 
[0035] In order to evaluate the homogeneity of the plasma in the plasma equipment of this 
example, ion current distribution as well as a previous example was measured. It measured from 
the beam centering on the center position of a sample base in the location of 100mm about the 
travelling direction Z of microwave, and the direction perpendicular to it of Y. Plasma generating 
as well as a previous example was performed by pressure lOmTorr and microwave power 3kW 
using Ar gas. 

[0036] Drawing 8 is a graph which shows the measurement result of ion current distribution. 
Although there is a beam 31, in the location distant from the beam 31 100mm, the plasma can be 
mostly generated in homogeneity. Since it is fully separated from the beam and the plasma was 
fully spread, this is considered. 
[0037] 

[Effect of the Invention] If it is in this invention equipment as explained in full detail above, it is 
stabilized and, moreover, plasma treatment of the substrate of large areas, such as a glass 
substrate for liquid crystal displays, can be carried out to homogeneity with an easy 
configuration. Moreover, since the microwave oscillator is good at one, low cost-ization of 
equipment can be attained. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the typical plan of the example of the plasma equipment of this invention. 
[Drawing 2] It is the typical partial drawing of longitudinal section of the example of the plasma 
equipment of this invention. 

[ Drawing 3 ] It is the typical sectional side elevation of the example of the plasma equipment of 
this invention. 

[Drawing 4 ] It is the graph which shows the measurement result of ion current distribution. 
[ Drawing 5] It is the typical plan of another example of the plasma equipment of this invention. 
[Drawing 6] It is the typical partial drawing of longitudinal section of another example of the 
plasma equipment of this invention. 

[Drawing 7] It is the typical sectional side elevation of another example of the plasma equipment 
of this invention. 

[Drawing 8] It is the graph which shows the measurement result of ion current distribution. 
[Drawing 9] It is the typical plan of the example of conventional plasma equipment. 
[Drawing 10] It is the typical partial drawing of longitudinal section of the example of 
conventional plasma equipment. 

[Drawing 11] It is the typical sectional side elevation of the example of conventional plasma 
equipment. 

[Description of Notations] 

1 Reaction Container 

2 Reaction Chamber 

3, 3a ( 3b Microwave inlet 

4, 4a, 4b Microwave installation aperture 

5 Gas Installation Hole 

6 Flueing Opening 

7 Sample Base 

8 Solvent Flowing Path 

20, 20a, 20b Space 

21, 21a, 21b Dielectric layer 

22 Metal Plate 

23 Microwave Waveguide 

24, 24a, 24b Tuner 

25, 25a, 25b Isolator 

26 Microwave Oscillator 

30 Metal Wall 

31 Beam 

211, 211a, 211b (dielectric layer) Induction 

212, 212a, 212b (dielectric layer) Taper section 

213, 213a, 213b (dielectric layer) Plate section 
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Drawing selection [ Representative drawing jfl 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 8] 
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[Drawing 9] 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_eije 



2004/02/27 



23 
I 



TT. 2 



26 25 24 
M8 



211 



212*-'*» 



213 'I 1 ** 



[Drawin g 10] 
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